The most prominent strain isolated from Shorea leprosula was Erwinia. Other effective isolates were tentatively identified as, Rhizobium , Enterobacter , Duganella , an Alcaligeneceae bacterium, an Oxalobacteraceae bacterium, and some yeasts.
INTRODUCTION

In year
, it was estimated that forest cover in Indonesia decreased to approximately million hectares from the total of million ha in at the annual rate of . million ha (Phat et al. ) . This rate contributes % to the million ha of annual deforestation rate in tropical forests on the ear th (Kobayashi, ) . Forests are continually degraded through various means including legal and illegal logging, fire, shifting cultivation, and social economic instability of the forest community as well as mismanagement by forest implementers. This situation does occur not only in Indonesia but also other tropical countries, and thus reforestation is an urgent priority in the world for conservation and rehabilitation of the forest resources.
A major problem in rehabilitation of tropical rain forest is soil infertility. In Indonesia, low pH and severe leaching limit nutrient availability (Powell, ) . Fertilizing and liming in deforested areas to improve soil conditions are not economically efficient due to relatively long term necessity for economic return by perennial timber trees.
Hence, low-input and sustainable forest management is an important issue in reforestation, and bio-fertilization is one of possible technical approaches.
Shorea selanica that belongs to Dipterocarpaceae is a native species and an impor tant timber tree in tropical forest throughout Indonesia, Malaysia, Brunei and the Philippines (Subiakto & Sakai, ).
Dipterocarpous trees form ectomycorrhizas, and the tablets of ectomycorrhizal fungal spores are, for example, commercially available in markets (Turjaman et al.
). However, dipterocarp mycorrhizas will become functionally effective seven months after inoculation in S. leprosula, S. acuminata, Hopea odorata and S. pinanga (Lee, ; Yazid et al. ; Turjaman et al. ) .
Mycorrhizal fungi, on the other hand, do not reside alone in the rhizosphere (Garbaye, ; Frey-Klett et al. ;
Brulé et al.
; Poole et al. ) . In fact, the most abundant inhabitants of the rhizosphere and rhizoplane of plant are bacteria because this niche is rich in low molecular weight of absorbable carbon compounds as root exudates which are essential for bacterial metabolisms (Garbaye, ) . Some of these rhizoplane bacteria also play significant role to promote tree growth. ).
The objective of this study was to screen PGPR from the rhizoplane of naturally growing dipterocarp seedlings and saplings in Carita plantation forest. This research is part of our wider efforts to contribute to the improvement of adverse soil, for bioreforestation using native, functional rhizobacteria.
MATERIALS AND METHODS
Isolation of rhizoplane bacteria
Rhizoplane bacteria were isolated from two adjoining localities, nursery and plantation forest in Carita Research Forest in the western par t of Java Island, Indonesia. 
A. Saplings in the Plantation Forest
Host Identification
Hopea mengarawan NI no. , Rhizobium sp. no. , NI no. , NI no. , NI no. , NI no. , NI no. , Stenotrophomonas sp. no. , NI no. , Alcaligenaceae bacterium no. , Rhizobium sp. no.
Hopea odorata NI no. , NI no. , NI no. , Burkholderia sp. no. , NI no. , NI no. , NI no. , NI no.
Shorea leprosula NI no. , Erwinia sp. no. , NI no. , Pseudomonas sp. no.
Shorea selanica NI no. , NI no. , NI no. , NI no.
B. Seedlings in the Nursery
Source Identification
Shorea selanica Sphingomonas sp. no. , NI no. , Enterobacter sp. no. , Pseudomonas sp. no. , NI no. , NI no. , NI no. , Oxalobacteriaceae no. , NI no. , NI no. , NI no. , NI no. , NI no. , NI no. , NI no. , NI no. , NI no. The most probable genus of the isolate was determined by the BLASTN search system.
Seedling preparation and inoculation
Seeds of S. selanica were sur face-sterilized with % sodium hypochlorite for min and followed by rinsing times with sterile water, and pre-germinated on a sterile 
RESULTS
Response of Shorea selanica seedlings to bacterial inoculation
Some seedlings of S. selanica showed significant growth variation (P< . ) as a response to inoculation of rhizospherous bacteria after month-incubation ( showed the best effect (Fig. a) and a similar trend was again observed for the second month (Fig. b) ; however, in the third month (Fig. c) hand, inoculation did not give significant dif ference for plant biomass (shoot and root) months after the inoculation.
Tentative identification of PGPR
Some bacteria which showed growth-promoting effect on S. selanica seedlings were identified at genus levels. 
N , C , a n d P o f t h e a b o v e g r o u n d m i n e r a l composition and soil
N, C, and P contents of the samples of best and worst in their growth performance are presented in Table . Inoculated with no. and , both unidentified microorganisms, are a tr ue N fixer or an N fixation stimulator because of low C/N for the host seedlings.
Higher P content in the leaves of Oxalobacteraceae no.
and unidentified no. indicated their P solubilizer traits, but these isolates did not show any solubilization activity toward insoluble inorganic P in vitro, suggesting that they were rather mycorrhizal helper microorganisms.
DISCUSSION
In our sampling site Carita, we were able to isolate several proteobacteria from the rhizosphere of dipterocarp saplings (Table ) . Microorganism that most assisted N-accumulation in the leaves was unidentified isolate no.
(probably non-proteobacteria). Although the total N-content in no.
-inoculated S. selanica seedlings was analyzed only once, N-providing effect of the isolate was clearly shown as the relatively high storage of N-content both in leaf and soil (Table ) at the end of the pot experiment. On the other hand, a higher P-content in the leaves was observed in the seedlings that had been inoculated with a -proteobacterium of Oxalobacteraceae no. (Table   ) . Growth promoting ef fects of the rhizobacteria after inoculation were shown by the growth performance of the S. selanica seedlings indicated by diameter of the main stem at − cm from the pot soil surface and height of the seedlings. There was a positive correlation between the height and diameter: (A) at month after inoculation, (B) at month after inoculation and (C) at month after inoculation. Note: the arrow C indicating position of the control seedling. 
. G r o w t h p r o m o t i n g e f f e c t o f b a c t e r i a l inoculants shown by growth values during 2-month-incubation (thir d month−first month).
Height of the seedlings was regarded as a practical and reliable parameter for the growth stimulation, because height reflected growth performance during to month after the inoculation [value as shown by ( -months grown seedling) minus ( -month old seedling)] compared to the control but diameter during the seedling growth was remarkably high in the control seedling. Seedlings focused as better and worse growth performances were indicated by arrows, along with the control seedlings. Note the arrow C indicating position of the control seedling.
as phytopathogens, but gall-forming E. herbicola pv.
gypsophilae is also known as a PGPR due to its active cytokinin production (Lichter et al. ) . In other strains (Fig. ) , PGPR-like effect on seedling growth may involve production of plant growth hormone-like substance(s)
because the ability to produce the plant hormone, such as indole--acetic acid is widespread among rhizosphere bacteria (Fett et al. ; Ahmad et al. ) .
Rhizosphere is rich in root exudates which are used to 
